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The antioxidant activity of three major polyamine conjugates, N,N'-dicoumaroyl-putrescine (DCP),
N-p-coumaroyl-N -feruloylputrescine (CFP), and N, N -diferuloyl-putrescine (DFP) isolated from corn
bran, and their related hydroxycinnamic acids, p-coumaric acid and ferulic acid, were evaluated by
three antioxidant in vitro assay systems, including 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and
superoxide and hydroxyl radicals generated by enzymatic and nonenzymatic reactions. Additionally,
five phenolic compounds were evaluated for melanogenesis inhibitory activity using mushroom
tyrosinase and B16 melanoma cells. Most of the phenolic compounds significantly scavenged DPPH,
superoxide, and hydroxyl radicals in a dose-dependent manner. Particularly, DFP showed potent
DPPH (ICso = 38.46 uM) and superoxide (ICso = 291.62 uM) radical scavenging activities, while
DCP exhibited the strongest hydroxyl radical scavenging activity (ICso = 120.55 uM). CFP also exerted
moderate DPPH, superoxide, and hydroxyl radical scavenging activities. Meanwhile, DCP (ICsp =
181.73 uM) showed potent tyrosinase inhibitory activity toward L-tyrosine as the substrate, whereas
DFP (ICso = 733.64 uM) significantly inhibited melanin synthesis in B16 melanoma cells. These current
results indicate that these three polyamine conjugates from corn bran may be useful potential sources
of natural antioxidants and skin-whitening agents.

KEYWORDS: Corn bran; polyamine conjugates; hydroxycinnamic acids, active oxygen species;
antioxidants; tyrosinase; melanin synthesis

INTRODUCTION are well-known to have a variety of biological activities, such
as anticancers), antiinflammation %), antihepatoxicity §),

Recently, much attention has been focused on dietary natural”" . . . . S
y y antibacterial 7), antimutation ), and antioxidation g, 10).

antioxidants capable of inhibiting reactive oxygen radical- Particular] L hvd . ic acid d their derivati
mediated oxidative stress, which is involved in several patho- articularly, several hydroxycinnamic acids and their dervatives

logical diseases, such as cancer, atherosclerosis, diabeteéq,"’“/_e been found to p_ossess s_,trong antioxidant activities as
inflammation, and agingl( 2). Particularly, superoxide and adical scavengers against reactive oxygen spetieslé4) and
hydroxyl radicals of reactive oxygen species are known to cause!© have considerable tyrosinase inhibitory activitiés,(16).
severe oxidative damage to susceptible biomolecules, therebyiOWeVer, information on reactive oxygen radical scavenging
eventually contributing to deleterious biological effects, includ- activities of phenolic acid amides containing a parent moiety
ing carcinogenesis, inflammation, mutagenesis, and cytotoxicity of CAS and FAs and on their antimelanogenic activity is still
(3, 4). For these reasons, an extensive search for novel naturaVery limited.
antioxidants acting as radical scavenger was undertaken. Corn bran, which is an important byproduct of the corn dry-
Naturally occurring hydroxycinnamic acid derivatives, such milling industry, is rich in several functional lipid constituents
asp-coumaric acid (CA), ferulic acid (FA), and caffeic acids, including unsaturated fatty acids, tocopherols and phytosterols,
and dietary fibers and carotenoid pigments, €t@).(Also, corn
*To whom correspondence should be addressed. Tel: (53)850-3525. bran has recently received a renewed interest (18) as a functional
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feruloylputrescine (CFP), and dicoumaroylputrescine (DCP).
DFP and CFP exhibit many biological activities, including
antidiuretic (19), inhibition of aflatoxin biosynthesigQ), and
antioxidant activities (21—24). We are unaware of any studies
that report the radical scavenging activity of corn-derived
polyamine conjugates against reactive oxygen species and th

The purpose of the present study is to evaluate the radical
scavenging activity of three polyamine conjugates, DCP, DFP,
and CFP, isolated from corn bran, and two related hydroxy-
cinnamic acids, CAs and FAs, against 1,1-diphenyl-2-picryl-
hydrazyl (DPPH) radical, superoxide anion induced by xanthine

e
antimelanogenic activity against tyrosinase and melanoma cells.
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(216.5 mg), and a pure white DFP powder (156.3 mg, 7.82 m&%,
= 32 min for reversed-phase HPLC) was separated.

The purified compounds as described above were characterized by
UVis, infrared (IR), liquid chromatographymass spectrometry (LC-
MS), and NMR analyses. UV and IR spectra were recorded on an Jasco
3334 UV/vis spectrophotometer (Osaka, Japan) and a FT-IR spectrom-
eter (IFS 120 HR, Bruker, GermanyH NMR (400 MHz) and*3C
NMR (100 MHz) spectra were measured in dimethyl sulfoxide
(DMSO)-ds on a Unity Plus 300 spectrometer (Varian, United States),
and chemical shifts are given asvalues with tetramethylsilane as an
internal standard. Fast-atom bombardment mass spectrometry (FAB-
MS) was performed on a JMS-700 mass spectrometer (ion source, Xe
atom beam; accelerating voltage, 10 kV; JEOL, Japan) usiRg

xanthine oxidase, and hydroxyl radical generated via the Fentonbutylalcohol as a mounting matrix. ldentification of three polyamine

reaction. Additionally, the antimelanogenic activity of five
phenolic compounds was also determined by in vitro assays
using mushroom tyrosinase and B16 melanoma cells.

MATERIALS AND METHODS

Materials. Corn bran (Dietfiber Ultrafine Corn Bran, NU 20085)
was kindly provided by Bunge North America (Danville, IL). All of

conjugates isolated from the GEl, fraction of corn bran by a silica

gel column chromatography as described above was carried out a
reversed-phase HPLC-ELSD method using a Hewlett-Packard model
1100 HPLC, with autosampler and detection by both an HP model
1100 diode array UVtvisible detector (Agilent Technologies, Avondale,
PA) and a Sedex model 55 evaporative light scattering detector (Richard
Scientific, Novato, CA), operated at 4C with a nitrogen gas pressure

of 2 bar. HPLC analysis was carried out using a Prevadld@lumn

(2.1 mm i.d.x 150 mm, Alltech Associates Inc., Deerfield, IL) with

the corn bran used was from the same lot, which was received in Junea linear gradient from kD (solvent A) to 0.2% v/v CECOOH in

2005 and stored at 4C.

Chemicals. CAs and FAs, DPPH, xanthine oxidase (EC 1.2.3.2),
xanthine, nitrobluetetrazolium chloride (NBT), thiobarbituric acid
(TBA), H20,, 2-deoxyribose, bovine serum albumin (BSA), trifluoro-
acetic acid (TFA), mushroom tyrosinase (EC 1.14.18.1tyrosine,
L-3,4-dihydroxyphenylalanine {DOPA), kojic acid, arbutin, and NMR
solvents were obtained from Sigma Chemical Co. (St. Louis, MO).
L-Ascorbic acid, FeGI6H;O, and ethylendediaminetetraacetic acid
(EDTA) were purchased from Wako Pure Chemical Industries (Osaka,

MeOH (solvent B) for 60 min at a flow rate of 0.2 mL/min. The elution
profile was as follows: 0—20 min, 60% A, 40% B; 40—50 min, 0%
A, 100% B; 5160 min, 60% A, 40% B. Column chromatography
was performed on silica gel (2300 mesh, Merck, Darmstadt,
Germany), ODS-A gel (12 nm, 130n, YMC, Inc., MA), and Sephadex
LH-20 (Pharmacia Biotech, Uppsala, Sweden). All solvents used for
this study were of analytical and HPLC grades.

DPPH, Superoxide, and Hydroxyl Radical Scavenging Activity.
Radical scavenging activities of three polyamine conjugates and CAs

Japan). Potassium hydroxide and potassium phosphate monobasic werand FAs on DPPH, superoxide, and hydroxyl radicals were determined

obtained from Kanto Chemical Co., Inc. (Tokyo, Japan). All solvents
for high-performance liquid chromatography (HPLC) analysis were of
Merck HPLC grade. All other reagents used in this study were of
analytical grade.

Isolation and Purification of Polyamine Conjugates from Corn
Bran. Corn bran powder (2.0 kg) was defatted withexane at ambient

as previously reporte®b). In the assay for DPPH radical scavenging,
each phenolic compound was added to 100 DPPH in methanol,
followed by incubation at 25C. Their reactivity with DPPH was
determined spectrophotometrically at 516 nm.

In the assay for the superoxide radical scavenging, the reaction
mixture (3.0 mL), comprising 0.05 M N@Os; buffer (pH 10.2)

temperature in an ultasonicator, and the defatted residue was extracte@ontaining 3 mM xanthine, 3 mM EDTA, BSA (1.5 mg protein/mL),

continuously with 80% aqueous ethanol (40 L) in an ultrasonicator,

0.75 mM NBT, test solution (3300 mM in DMSO), and 5.0 U/mL

then filtered, and evaporated under reduced pressure. The EtOH extrackanthine oxidase was incubated at 25 for 20 min, and then, the

(65.6 g) was redissolved in 80% aqueous MeOH and washed twice
with n-hexane to remove lipids and pigments. The lower layer was
evaporated to small volume and partitioned successively with dichlo-
romethane (10 L), ethylacetate (10 L), amtbutanol (10 L). The CH

Cl, fraction (4.92 g), EtOAc fraction (1.44 g), andBuOH fraction
(9.34 g) were evaluated for antioxidant activity using a DPPH radical.
Among three fractions, the strongest antioxidant,CH fraction
(4.92 g) was chromatographed on a silica gel column (5.0xcm
30 cm) withn-hexane—EtOAc—MeOH—TFA (200:200:100:1, v/v) as
an eluent, to afford 17 fractions: Fr. 1 (154.7 mg), Fr. 2 (30.1 mg), Fr.
3 (53.2 mg), Fr. 4 (82.2 mg), Fr. 5 (107.2 mg), Fr. 6 (91.7 mg), Fr. 7
(56.7 mg), Fr. 8 (77.6 mg), Fr. 9 (60.5 mg), Fr. 10 (31.3 mg), Fr. 11
(28.4 mq), Fr. 12 (16.6 mg), Fr. 13 (34.5 mg), Fr. 14 (67.9 mg), Fr. 15
(57.0 mg), Fr. 16 (216.5 mg), and Fr. 17 (21.5 mg). Fraction 13
(34.5mg) was further chromatographed on a ODS-A column (2.0 cm
x 30 cm) chromatography with 60% aqueous MeOH, and three
fractions were obtained as follows: Fr. 1 (4.2 mg), Fr. 2 (20.4 mg),

reaction was terminated by the addition of 6 mM CuChe production
of formazan was determined at 560 nm.

In the assay for the hydroxyl radical scavenging, the reaction mixture
(2.0 mL), comprising 30 mM KkEPO,—KOH buffer (pH 7.4), 2 mM
2-deoxyribose, 0.1 mM Feg€bH,O, 104uM EDTA, test solution (+
10 mM in above buffer), 1.0 mM $D,, and 0.1 mMc.-ascorbic acid,
was incubated at 37C for 1 h. The thiobarbituric acid reactive
substance level was determined after terminating the reaction by the
addition of TBA reagent. 16 values against three radical scavenging
activities were determined by regression analysis of the results obtained
at three different concentrations of the sample.

Tyrosinase Assay.The tyrosinase assay was performed by the
slightly modified method of Masamoto et aR§) usingL-tyrosine or
L-DOPA as the substrates. The reaction mixture (1.55 mL) using
L-tyrosine as the substrate contained 0.5 mL of 0.1 M phosphate buffer
(pH 6.8), 0.45 mL of deionized water, 0.05 mL of the samples solution
at various concentrations in DMSO, and 0.05 mL of tyrosinase

and Fr. 3 (3.1 mg). Fraction 2 was chromatographed on a Sephadex(2000 U/mL) and was preincubated at 5 for 5 min before 0.5 mL

LH-20 column (2.0 cmx 80 cm) with 80% aqueous MeOH, to separate

a white pure DCP (13.6 mg, 0.68 mg %&, = 28 min for reversed-
phase HPLC). Fraction 14 (67.9 mg) was also chromatographed on a
ODS-A column (2.0 cmx 30 cm) with 60% MeOH, and three fractions
were obtained as follows: Fr. 1 (8.3 mg), Fr. 2 (35.7 mg), and Fr. 3
(11.3 mg). Fraction 2 was rechromatographed on a Sephadex LH-20
column (2.0 cmx 80 cm) with 80% MeOH and yielded a pure CFP
(28.8 mg, 1.44 mg %R = 30 min for reversed-phase HPLC). Finally,
the same purification procedure on ODS-A and Sephadex LH-20
column chromatographies was carried out successively for Fr. 16

of 2.5 mM L-tyrosine was added. The mixture was preincubated in a
water bath at 37C for 5 min and stopped with cold ice for 5 min. The
reaction was monitored at 475 nm for 2 min. A control reaction was
carried out without the test sample. The O.D. values were measured
by a UV spectrophotometer (Jasco, Japan) at 475 nm. The percentage
inhibition of tyrosinase was calculated as follows: inhibition (%)
(A — B)IA x 100, where A and B represent the absorbance of test
solution and simultaneous control, respectively.

Similarly, the reaction mixture (3 mL) usingDOPA as the substrate
contained 1 mL of 1.5 mM-DOPA solution, 0.1 mL of DMSO with
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Table 1. DPPH Radical Scavenging Activity of the Crude Ethanol elucidated fully by"H and**C NMR and MS spectroscopy, even
Extract and Three Solvent Fractions from Corn Bran? though three compounds have already been isolated and partially
identified from corn {8, 19). The detailed UV, IR, NMR, and
FABMS spectral data of three polyamine conjugates are as

DPPH radical scavenging
extract and fraction activity (ICso, ug/mL)

follows.
crude ethanol extract 794+29 .
dichloromethane fraction 419+ 17 DFP. Colorless white powder. UMmax (MeOH) nm: 220,
ethylacetate fraction 51.6+2.7 234, 294, 320. IR/max (KBr) cm=% 3500 (NH, OH), 2927,
n-butanol fraction 161.1+29 1652 (-CO—NH—), 1516-1484 (aromatic €&C), 1274. FABMS

(positive ion)m/z: 441 [M+ H]*. 'H NMR (DMSO-d;, 400
@ Data represent means + SD of triplicate determination. All values in column MHz, ppm): 6 9.24 (2H,br s, OH), 7.80 (2H}, J = 5.1 Hz,
are significantly different at P < 0.05. NH), 7.18 (2H,d, J = 15.7 Hz, H-8 and H-9, 6.94 (2H,d,

. . J=1.8Hz, H-2 and H-2, 6.81 (2H,dd,J = 8.1, 1.8 Hz, H-6
or without a sample, and 1.8 mL of 1/15 M phosphate buffer solution , o
(pH 6.8) and was incubated at 26 for 10 min. Furthermore, 0.1 mL and H-6'), 6.62 (2Hd, J = 8.1 Hz, H-5 and H-9, 6.26 (2H,

of 1000 units/mL tyrosinase in aqueous solution was added to the d: J = 15.7 Hz, H-7 and H-7, 3.63 (6H,s, 2 x OCHg), 3.16
mixture to immediately measure the initial rate of linear increase in (4H, m, H-9 and H-9), 1.30 (4H,m, H-10 and H-10. *3C NMR
optical density at 475 nm. A control reaction was conducted with (DMSO-0s5, 75 MHz, ppm): 6 165.60 (CO), 148.52 (C-4 and
DMSO. Tyrosinase inhibition was calculated as described above. Kojic C-4'), 148.13 (C-3 and C-B 139.12 (C-7 and C-y, 126.77
acid was used as a reference. (C-1 and C-1), 121.79 (C-6 and C 119.41 (C-8 and C'§

Inhibition of Melanin Production in B16 Melanoma Cells. : :

S . 115.96 (C-5 and C-5 111.01 (C-2 and C-p, 55.83 (2 x
Melanin biosynthesis was assayed by the method of Gordon &f7al. ( \ ,
as modified by Roh et al. (33). Melanoma cells, B16, strain C57BL/ OCHs), 48.68 (C-10 and C-10'), 27.14 (C-9 and C-9).
6J, were purchased from the KCLB (Korean Cell Line Bank, Daejon, ~ CFP. Colorless white powder. UMmax (MeOH) nm: 220,
Korea) and grown in a humidified atmosphere with 5%,@037°C. 229, 294, 310. IRvmax (KBr) cm™1: 3270 (NH, OH), 2930,
Cells (1x 10°) were cultured in Dulbecco’s modified Eagle’s medium 1655 CO—NH-), 1590-1510 (aromatic &C), 1271. FABMS
(DMEM, Sigma, United States) supplemented with 10% (v/v) fetal (positive ion)m/z: 411 [M+ H]*. *H NMR (DMSO-ds;, 400
bovine serum (FBS) and 1% (v/v) antibiotiantimycotic (Gibco BRL MHz, ppm): 6 9.67 (2H,br s, OH), 8.01 (2Ht, J = 5.2 Hz,

Co., NY). After 24 h of cultivation, the medium was changed with B _
new DMEM medium containing test samples of various concentrations. NH), 7.40 (2H,d, J = 8.6 Hz, H-2 and H-6), 7.33 (2H, J =

After 2—3 days of incubation, the adherent cells were washed with 19-7 Hz, H-8 and H-8'), 7.14 (1H), J = 1.7 Hz, H-2'), 7.00
phosphate-buffered saline (PBS) and detached by trypsinization. The(1H, dd,J = 1.7, 8.6 Hz, H-6"), 6.81 (1HJ, J = 8.5 Hz, H-5'),
cells were lysed with 10% DMSO/1 N NaOH and stored at room 6.48 (1H,d,J = 8.5 Hz, H-7 and H-7, 6.42 (1H,d,J = 15.2
temperature for 10 min. After centrifugation at 3000 rpm for 10 min, Hz, H-3 and H-5), 3.82 (3Hs, OCH), 3.20 (4H,m, H-9 and
the melanin content was determined at 490 nm using the ELISA H-9'), 1.49 (4H,m, H-10 and H-10. 3C NMR (DMSO-ds,

Microplate Reader (EL800, Bio-Tex Instruments, Inc., United States). 75 MHz, ppm): 6 165.63 (CO), 159.13 (C-4), 148.55 ()4

Statistical Analysis. All experiments were performed in three , ,
replicates. In particular, triplicate analyses of a single extraction were 148.14 (C-3), 139.14 (C-7), 138.86 (C-7), 129.48 (C-2 and

used for antioxidant and antimelanogenic assays of three isoIatedC'B)v 126.76 (C-1'), 126.26 (C-1), 121.80 (C-6'), 119.39 (C-8),
polyamine conjugates. A curve of the concentration plotted against the 119.10 (C-9), 116.07 (C-9, 115.97 (C-3 and C-5), 111.02
percentage inhibition was used to calculate the half-maximal inhibition (C-2), 55.83 (OCH), 48.94 (C-10), 38.69 (C-1p 27.15
concentration (I6). Statistical analysis was performed using Duncan’s  (C-9), 18.31 (C-9').

multiple range test (28). DCP. Colorless white powder. UVlmax (MeOH) nm: 220,
RESULTS AND DISCUSSION 229, 294, 310. IRvmax (KBr) cm™1: 3270 (NH, OH), 2930,
1655 CO—NH-), 1590-1510 (aromatic €&C), 1271. FABMS
DPPH Radical Scavenging Activity of the Crude EtOH (positive ion)m/z: 381 [M+ H]*. *H NMR (DMSO-d;, 400
Extract and Its Solvent Fractions from Corn Bran. DPPH MHz, ppm): 6 9.82 (2H,br s, OH), 7.97 (2Ht, J = 5.2 Hz,
radical scavenging activities (RSA) of crude EtOH extract and NH), 7.38 (4H,d, J = 8.4 Hz, H-2 and H-2 H-6 and H-6),
its three solvent fractions (GEl,, EtOAc, and n-BuOH 7.30 (2H,d, J = 15.6 Hz, H-8 and H-§, 6.78 (4H,d, J = 8.8
fractions) from corn bran were determined to search for fractions Hz, H-3 and H-3 H-5 and H-5), 6.38 (2H,d, J = 15.6 Hz,
with high antioxidant activities. The ethanol and three solvent .7 and H-7), 3.16 (4H,m, H-9 and H-9, 1.46 (4H,m, H-10
extracts showed significant RSA in a dose-dependent mannergnq H-10).13C NMR (DMSO-&;, 75 MHz, ppm): 6 165.25

(data not shown). The 50% inhibitory concentrationsgf (CO), 158.73 (C-4 and C:} 138.46 (C-7 and C-J, 129.10
each extracts was calculated from the results. As shown in(c_2 ,and C-2', C-6 and C-6"), 125.92 (C-1 and é-l’) 118.76

Table 1, the crude EtOH extract from corn bran exhibited ) ) ,
significant DPPH RSA with an 1§ value of 79.43ug/mL. (g-?oanddCéSBd11256.6799(%-?5 an% cé:; C-5 and C-5), 38.32
Among three solvent fractions, the @El, fraction exhibited (C- fan -107, o (___ and C-9). ] )
the strongest DPPH RSA (k= 41.89ug/mL), followed by Radical Scavenging Activity of Three Polygmme (;onju-
the EtOAc fraction (I = 51.64 ug/mL) and then-BuOH gates and Related CompoundsThree polyamine conjugates,
fraction (IGso = 161.11ug/mL), in descending order. Herein, DCP, CFP, and DFP, isolated from the &, fraction of the
we have isolated three major polyamine conjugates from the €O bran, and their related hydroxycinnamic acids, CA and
strong antioxidant CCl, fraction, as described in the Materials FA (chemical structures of five phenolic compounds were
and Methods. presented irrigure 2) were evaluated for their radical scaveng-
Structural Elucidation of Three Polyamine Conjugates. ing activity against DPPH radical, superoxide anion radical
The chemical structures of three polyamine conjugates, DCP,induced by xanthinexanthine oxidase, and hydroxy! radical
CFP, and DFP, have been assigned on the basis of their UV,generated via the Fenton reaction, respectively. Five phenolic
IR, NMR, and FABMS spectral data and comparison with compounds exhibited concentration-dependent radical scaveng-
published data19). Three polyamine conjugates were first ing activities against the three radicals mentioned above (data
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Corn bran(2 kg)
l defatted with #-hexane in an ultrasonicator at ambient Temp.
Defatted corn bran
extracted continuously with 40 L 80% aq. EtOH in an ultrasonicator at ambient Temp.

filtered and evaporated in vacuo

EtOH ext.(65.6 g)

solubilized in 80% aq. MeOH

washed twice with n-hexane

Lower layer

evaporated to small vol in vacuo

partitioned successively with dichloromethane, ethylacetate, and #-butanol

! !

EtOAc fr.(1.44 g) »n-BuOH fr.(9.34 g)

CH,CL, f(4.92 g)

Silica gel C.C. (5 X 30 cm)
HX-EtOAc-MeOH-TFA(200:200:100:0.1, v/v)

! } ! !

Fr. 1 Fr. 13 Fr. 14 Fr. 16
ODS-AC.C. ODS-AC.C. ODS-AC.C.

l 60% McOH l 60% McOH l 60% McOH
Sephadex LH-20 C.C.

l 80% MeOH

Sephadex LH-20 C.C.
l 80% MeOH

Sephadex LH-20 C.C.
l 80% MeOH

DCP(13.6 mg) CFP(28.8 mg)

Figure 1. Schematic procedure for extraction, isolation, and purification
of three polyamine conjugates from corn bran.

HO
H o]
|
Neo ™~ = OCH,O

o H
OH

DFP(156.3 mg)

N,N"-Diferuloylputrescine (DFP)

HO

H O

i

N\/\/\ P

CHSOD\/\’( N
Ie) H

OH

N-p-Coumaroyl-N*-feruloylputrescine {CFP)

N,N"-Dicoumaroylputrescine {(DCP)
CH,0
HO CH=CH-COOH

Ferulic acid

HOGCH=CH-COOH

p-Coumaric acid

Figure 2. Chemical structures of three polyamine conjugates from corn
bran and two hydroxycinnamic acids.

not shown), and the I§g values are listed iTfable 2. Among
five phenolic compounds, DFP (&= 38.46uM) exerted a

potent DPPH radical scavenging activity, followed by FA

(ICs0 = 45.27uM) > CFP (1Go = 70.37uM), in decreasing
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Table 2. Scavenging Activity (ICso) of Three Major Polyamine
Conjugates Isolated from Corn Bran and Their Related Compounds
against DPPH, Superoxide, and Hydroxyl Radicals?

radical scavenging activity (ICso, M)

DPPH superoxide hydroxyl
compound radical radical radical
CA >1000 >20000 256.3+119¢c
FA 453+56¢C 5312.3+260.0a 502.1+211a
CFP 704+05a 488.0+£20.0b 1925+ 14.0d
DFP 385+23¢C 291.6+48¢c 351.9+134b
DCP >500 >10000 1648+58¢e
a-tocopherol? 523+04b  >10000 155.7+4.3¢e

2|Csp represents the concentration of a compound required for 50% inhibition
of DPPH radical, superoxide, and hydroxyl radicals. Data represent means + SD
of triplicate determination. Values with the different superscript letters in each column
are significantly different at P < 0.05. © a-Tocopherol was used as a positive
reference.

donor, and its activity was stronger than thatoefocopherol
(ICsp = 52.34 uM), a well-known antioxidant B < 0.05).
Moreover, DFP (IG, = 291.62uM) also showed the most
potent superoxide anion radical scavenging activity, followed
by CFP (IGo = 488.04uM) > FA (ICsp = 5312.30uM), in
decreasing order, but CA and DCP were less active. Thus, it
should be noted that DFP showed potent DPPH and superoxide
radical scavenging activities, and its DPPH and superoxide
radical scavenging activities were stronger than that.-oo-
copherol. Additionally, the order of superoxide radical scaveng-
ing activity of five phenolic compounds was very similar to
that of their DDPH free radical scavenging activity, although
there are some differences in the DPPH and superoxide radical
scavenging activities of FA and CFP. Meanwhile, the hydroxyl
radical scavenging activity of five phenolic compounds in
decreasing order was DCP g€= 164.84 uM) > CFP
(ICsp = 192.45uM) > CA (ICso = 256.31uM) > DFP (IG5
= 351.87uM) > FA (ICso = 502.11uM). The interesting
phenomenon is that DCP exhibited the most potent hydroxyl
radical scavenging activity, comparable to thatetfocopherol
(ICs0=155.67uM) (P < 0.05). Thus, these results demonstrate
that three polyamine conjugates in corn bran exhibit specific
scavenging activities of the superoxide and hydroxyl radicals.
We next investigated some structth@ctivity relationships
of five phenolic compounds. As shown ifiable 2, DFP
containing two FA and bisamide moieties showed stronger
DPPH and superoxide anion radical scavenging activities than
those of DCP containing two CA and bisamide moieties. These
results support earlier reports that the DPPH and superoxide
radical scavenging activities of the cinnamic acid derivatives
with their moiety-containing phenolic amides increased with
an increase in the number of hydroxyl groups and with the
presence of a methoxyl group adjacent to the 4-hydroxyl group
para-substituted on an aromatic rir2f(30), respectively. In
contrast, of five phenolic compounds tested, DCP exhibited a
potent hydroxyl radical scavenging activity, and the hydroxyl
radical scavenging activity of CA and DCP containing two CA
moieties was stronger than that of FA and DFP, respectively.
These results support an earlier report that methoxylation of
hydroxyl groups at the o-position, as in DFP and FA, resulted
in a drastic decrease of the hydroxyl radical scavenging activity
of phenolic compounds3(, 32). Additionally, CFP including
both CA and FA moieties showed moderate DPPH, superoxide
anion, and hydroxyl radical scavenging activities between DFP

order, but CA and DCP were less active. Thus, DFP exhibited and DCP. Thus, it is understandable on the basis of these results
considerable free radical scavenging activity as a hydrogenthat DCP and DFP, which possessed the partial active chemical
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Table 3. Inhibitory Activity (ICso) of Three Major Polyamine Conjugates as the substrate. These results indicate that polyamine conjugates
Isolated from Corn Bran and Their Related Compounds against strongly inhibit the pathway from-tyrosine to dopaquinone
Tyrosinase Activity and Melanin Synthesis in B16 Melanoma Cells? on tyrosinase-catalyzed reaction. Many scientific papers have

also reported the tyrosinase inhibitory activity of hydroxycin-

inhibitory activity (ICso, xM) namic acid derivatives and their conjugated serotorliss16,

tyrosinase tyrosinase melanin (B16 33). They demonstrated that methoxylation and hydroxylation
compound (tyrosine) (-DOPA) melanoma cell) of cinnamic acid derivatives may have played an important role
CA 463.4+164a 19518+ 1575a  5773.2+3625a in exhibiting the tyrosinase inhibition activity. However, there
E/;P ggg : gbzgcd 091553605 ‘1‘22‘7‘2 : ig;g 3 is so far no report on the effect of polyamine conjugates from
DFP 2913+ 183 ¢ o 7336+ 1033 ¢ corn bran on tyrosinase activity. _
DCP 181.7+258e  1056.7+106.8b  3169.5+2122¢ We also examined the inhibitory effects of polyamine
t—ascorb(iji acid®  3315+27h 6100 conjugates and related hydroxycinnamic acids on melanin
0JIC acl b6+09¢C i i
arbutin? 11104 + 1328 d synthesis of cultured B16 melanoma cell. Contrary to previous

results on tyrosinase inhibition, DFP @€= 733.64 uM)
potently inhibited melanin synthesis of B16 melanoma cell, and
its activity was stronger than arbutin @€= 1110.43uM), a

2|Cs represents the concentration of a compound required for 50% inhibition
of mushroom tyrosinase and melanin synthesis in B16 melanoma cells. Data

represent means + SD of triplicate determination. Values with the different Well'knqwn tyrosinase inhibitor used as a whitening agent in
superscript letters in each column are significantly different at P < 0.05. ? L-Ascorbic cosmetics. CFP (|§5 = 1257-(_53!”\/') ?nd' PCP (lgt} =
acid, kojic acid, and arbutin were used as positive references. 3169.45M) also exhibited considerable inhibitory activity, but

two hydroxycinnamic acids, FA (£ = 4864.42uM) and CA
(ICs0 = 5773.23uM), showed a lower activity than the three

structure of hydroxycinnamic acid bisamide, may play an ,vamine conjugates. Thus, polyamine conjugates in corn bran

important role in inhibition of superoxide anion and hydroxyl were found to have a strong inhibitory effect on melanin

radicals. . . . synthesis in B16 melanoma cell, together with inhibition of
The superoxide and hydroxyl radicals of reactive oxygen tyrosinase activity. Dooley3d) previously speculated that a

species are known to have a high and indiscriminate activity gegjraple skin-whitening agent should inhibit the synthesis of
and cause severe oxidative damage to susceptible blomoleculeﬁ]elanin in melanosomes by acting specifically to reduce the

@, .4)'. Howeve_r, this da_mage can be modu_lated by (_jie_tary synthesis or activity of tyrosinase. Therefore, these results
antioxidants acting as radical scavengers. Previously, ant|OX|dantSuggest that polyamine conjugates in corn bran may be useful

phenollq compou_nds in corn steep liquor bo, such as QA, FA, as potential candidates for novel skin-whitening agents in
and their derivatives, were reported to play a beneficial role cosmetics

inst oxidative d 23). Th t study al led . . . -
against oxidative damag@3). The current study also reveale Three polyamine conjugates were isolated and purified from

that three polyamine conjugates in corn bran, including DCP, ; . . o
CFP, and DFP, acted as superoxide anion and hydroxyl radical™" bran. These polyamine conjugates have been |_dent|_f|ed as
scavengers. Thus, these results suggest that corn bran, togethé?%P' %lliPh %ng ItDFI?Non the_baslls of spte((:jtrt%sciotpr):c S\'/:Igencg
with corn steep liquor, obtained as a byproduct in the process and published data. We previously reported that the an
CFP were present in corn bran at levels of about 3 and 1 mg/

of manufacturing starch from corn, may both be useful as .

potential sources of phenolic antioxidants as radical scavenger.gr""m.Of corn bran, respgctwel;l&). The levels of DFP and

This is the first report on the radical scavenging activity of CFP in corn bran were higher than those of free FAs a_md CAS

polyamine conjugates in corn bran. (18_). Because the_ current study fc_)_cus_ed on evaluating their
antioxidant properties, precise quantification of these compounds

Inhibition of Tyrosinase Activity. Inhibitory effects of three L .
polyamine conjugates and related two hydroxycinnamic acids was not performed._ DFP eXh'b'ted con_sderaplg free DPPH
radical and superoxide radical scavenging activities, whereas

on mushroom tyrosinase activity usingyrosine and.-DOPA - . .
y v &y DCP exhibited the strongest hydroxyl radical scavenging

as the substrates were determined, and thejs W@lues are - . o .
shown inTable 3. Whent-tyrosine was used as a substrate, activity. Mean_vyhlle, DCP and DFP exhibited potent tyrosinase
inhibitory activities towardL-tyrosine as the substrate and

DCP (IGo = 181.73 uM) showed the strongest inhibitory S S . L
activity, and its inhibitory activity was higher thanascorbic significantly inhibited melanin synthesis in B16 melanoma cells,
’ respectively. The different properties of the five phenolic

acid (IGp = 331.48 uM), a well-known monophenolase - . o )
inhibitor against mushroom tyrosinase. FA {G= 277.614M) compounds on the radical scavenging activities and tyrosinase

and DFP (IG, = 291.28 uM) also exhibited considerable actiyities may be causeq by the differen.t.fur?ctional groups in
inhibitory activity, and their activity was stronger thescorbic their structures and their different solubility in _each b_|oassay_
acid. However, CA (IG = 463.384M) showed the lowest system. These results suggest tha_lt the polyamlne conjugates in
activity. On the other hand, whenDOPA was used as a corn bran may be gseful as potentlal radical scavengers capable
substrate, all phenolic compounds exhibited much weaker of controlllrlg reactive oxygen-med|ated pqthologlcal d|sorder§
inhibitory activity than kojic acid (16 = 7.56 «M), a well- and as skm-whnenmg agents in cosmetics. Furt.her study is
known diphenolase inhibitor against mushroom tyrosinase. r€duired to isolate and identify minor polyamine conjugates from
Particularly, the maximum inhibition of FA and DFP was not corn bran _and investigate the|_r an_t|OX|dant and gnnmelanog(_-:-mc
over 50% at concentration range of-5850uM, and CA, CFP, effect conjugates in vitro and in vivo, together with three major

and DCP were less active, contrary to a previous result that Polyamine conjugates.

FAs and CAs exhibited strong inhibitory activities against

L-DOPA oxidation by mushroom tyrosinasks). This discrep- ACKNOWLEDGMENT
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NOTE ADDED AFTER ASAP PUBLICATION

The first sentence of the paragraph Inhibition of Melanin
Production in B16 Melanoma Cells has been modified from
that in the original posting of March 31, 2007. The posting of
April 11, 2007, includes the correction.

LITERATURE CITED

(1) Frei, B. Nonenzymatic antioxidant defense system$ldtural
Antioxidants in Human Health and Diseadriviba, K., Sies,

H., Eds.; Academic Press: London, 1994; pp 107—116.

(2) Rice-Evans, C. The role of antioxidants in biological systems
and human studies of disease preventioddnances in Applied
Lipid ResearchPadley, F. B., Ed.; JAI Press Inc.: London, 1996;
Vol. 2, pp 183—211.

(3) Halliwell, B.; Gutteridge, J. M. C. Free radicals, ageing, and

disease.Free Radicals in Biology and Medicine&larendon

Press: London, 1996; pp 416—427.

Cross, E. E.; Halliwell, B.; Borish, E. T.; Pryor, W. A.; Ames,

B. N.; Saul, R. L.; McCord, J. M. Oxygen radicals and human

disease (clinical conferencénn. Intern. Med1987, 107, 526—

545.

Zhang, L. P.; Ji, Z. Z. Synthesis, antiinflammatory and anticancer

activity of cinnamic acids, their derivatives and analog¥e

Xue Xue Bad 992,27, 817—823.

Perez-Alvarez, V.; Bobadilla, R. A.; Muriel, P. Structure-

hepatoprotective activity relationship of 3,4-dihydroxycinnamic

acid (caffeic acid) derivatived. Appl. Toxical2001,21, 527—

531.

Ramos-Nino, M. E.; Clifford, M. N.; Adams, M. R. Quantitative

structure activity relationships for the effects of benzoic acids,

cinnamic acids and benzaldehydeslasteria monocytogenes.

J. Appl. Bacteriol.1996,8, 303—310.

Yamada, J.; Tomita, Y. Antimutagenic activity of caffeic acid

and related compoundBiosci., Biotechnol., Biocher996 60,

328—-329.

(9) Graf, E. Antioxidant potential of ferulic aciéfree Radical Biol.
Med.1992,13, 435—448.

(10) Natella, F.; Nardini, M.; Di Felice, M.; Scaccini, C. Benzoic
and cinnamic acid derivatives as antioxidants: Structure-activity
relation.J. Agric. Food Chem1999,47, 1453—1459.

(11) Toda, S.; Kumura, M.; Ohnishi, M. Effect of phenolcarboxylic
acids on superoxide anion and lipid peroxidation induced by
superoxide anionPlanta Med.1991,57, 8-10.

(12) Chan, W. S.; Wen, P. C.; Chiang, H. C. Structure-activity

relationship of caffeic acid analogues on xanthine oxidase

inhibition. Anticancer Res1995,15, 703—707.

Kanski, J.; Aksenova, M.; Stoyanova, A.; Butterfield, A. Ferulic

acid antioxidant protection against hydroxyl and peroxyl radical

oxidation in synaptosomal and neuronal cell culture systems in

vitro: Structure-activity studies]. Nutr. Biochem2002, 13,

273—-281.

Mansouri, A.; Makris, D. P.; Kefalas, P. Determination of

hydrogen peroxide scavenging activity of cinnamic and benzoic

acids employing a highly sensitive peroxyoxalate chemilumi-
nescence-based assay: Structure-activity relationdhigharm.

Biomed. Anal2005,39, 22-26.

Billaud, C.; Lecornu, D.; Nicolas, J. Substrates and carboxylic

acid inhibitors of a partially purified polyphenol oxidase from

gum Arabic.J. Agric. Food Chem1996,44, 1668—1675.

(16) Lee, H. S. Tyrosinase inhibitors Bfilsatilla cernuaroot-derived
materials.J. Agric. Food Chem2002,50, 1400—1403.

(4)

®)

(6)

™)

®)

(13

~

(14)

(15)

J. Agric. Food Chem., Vol. 55, No. 10, 2007 3925

(17) Plate, A. Y. A.; Gallaher, D. D. The potential health benefits of
corn components and produc@ereal Foods Worl®005,50,
305—314.

(18) Moreau, R. A.; Nunez, A.; Singh, V. Diferuloylputrescine and
p-coumaroyl-feruloylputrescine, abundant polyamine conjugates
in lipid extracts of maize kerneld.ipids 2002, 36, 839—844.

(19) Niwa, T.; Doi, U.; Osawa, T. Inhibitory activity of corn-derived
bisamide compounds againstglucosidaseJ. Agric. Food
Chem.2003,51, 90-94.

(20) Mellon, J. E.; Moreau, R. A. Inhibition of aflatoxin biosynthesis
in Aspergillus flavusby diferuloylputrescine ang-couma-
roylferuloylputrescineJ. Agric. Food Chem2004,52, 6660—
6663.

(21) Garcia-Conesa, M. T.; Plumb, G. W.; Kroon, P. A.; Wallace,
G.; Williamson, G. Antioxidant properties of ferulic acid
dimmers.Redox Repl997,3, 239—244.

(22) Garcia-Conesa, M. T.; Plumb, G. W.; Waldron, K. W.; Ralph,
J.; Williamson, G. Ferulic acid dehydrodimers from wheat
bran: Isolation, purification and antioxidant properties dD8-
4-diferulic acid.Redox Rep1999,3, 319—323.

(23) Niwa, T.; Doi, U.; Kato, Y.; Osawa, T. Antioxidative properties
of phenolic antioxidants isolated from corn steep liqdoAgric.
Food Chem2001,49, 177—-182.

(24) Zhou, K.; Su, L.; Yu, L. Phytochemicals and antioxidant
properties in wheat brad. Agric. Food Chen2004,52, 6108—
6114.

(25) Kwon, Y. J.; Rhee, S. J.; Chu, J. W.; Choi, S. W. Comparison
of radical scavenging activity of extracts of mulberry juice and
cake prepared from mulberry (Morwspp.) fruit.J. Food Sci.
Nutr. 2005,10, 111-117.

(26) Masamoto, Y.; Ando, H.; Murata, Y.; Shimoishi, Y.; Tada, M.;
Takahata, K. Mushroom tyrosinase inhibitory activity of esculetin
isolated from seeds &uphorbia lathyrid_. Biosci., Biotechnol.,
Biochem.2003,67, 631—634.

(27) Gordon, P. R.; Mansur, C. P.; Gilchrest, B. A. Regulation of
human melanocyte growth, dendricity and melanization by
keratinocyte derived factorg. Invest. Dermatal1989 92, 565—
572.

(28) SAS Institute, INCSAS User’s Guide: StatisticSAS Institute:
Cary, NC, 1985.

(29) Haraguchi, H. Antioxidative plant constituents. Bioactive
Compounds from Natural SourceFringali, C., Ed.; Taylor &
Francis: London, 2001; Chapter 9, pp 339—377.

(30) Bratt, K.; Sunnerheim, K.; Bryngelsson, S.; Fagerlund, A
Engman, L.; Andersson, R. E.; Dimberg, L. H. Avenanthramides
in oats (Avena satival.) and structure-antioxidant activity
relationshipsJ. Agric. Food Chem2003,51, 594—600.

(31) Husain, R. S.; Cillard, J.; Cillard, P. Hydroxyl radical scavenging
activity of flavonoids.Phytochemistryi 987,26, 2489—2491.

(32) Chimi, H.; Cillard, J.; Cillard, P.; Rahmani, M. Peroxyl and
hydroxyl radical scavenging activity of some natural phenolic
antioxidants.J. Am. Oil Chem. Sod 991,68, 307—312.

(33) Roh, J. S.;Han, J. Y.; Kim, J. H.; Hwang, J. K. Inhibitory effects
of active compounds isolated from safflow&gfthamus tinc-
toriusL.) seeds for melanogenesiiol. Pharm. Bull.2004,27,
976—1978.

(34) Dooley, T. P. Topical skin depigmentation agents: Current
products and discovery of novel inhibitors of melanogendsis.
Dermatol. Treat.1997,7, 188—200.

Received for review December 5, 2006. Revised manuscript received
February 13, 2007. Accepted February 21, 2007.

JF0635154



